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Abstract – Wind turbines are traditionally used to generate 
electrical energy. However for small, remote applications a wind 
turbine can also be used to convert wind power into thermal 
power in order to reduce the cost of energy used for heating sys-
tems. The wind heat generator is based on the principle of the 
Joule machine driven by a wind turbine. To obtain optimal per-
formance the torque-speed characteristics of the turbine and the 
heat generator should be matched. By recognising this require-
ment the model of a wind heat generator was developed and simu-
lated. The result of the simulation shows the behavior of the wind 
heat generator operating at maximum power.  
 
I.  INTRODUCTION 
Wind turbines are traditionally used to generate electrical 
energy rather than thermal energy because electricity is more 
easily utilised by consumers and converted into other types of 
energy. However for small, remote applications of wind tur-
bines there is the possibility to use a wind turbine to convert 
wind power into thermal power directly [3]. The thermal en-
ergy produced by a wind turbine can be used to supply a house 
with heat in order to reduce the cost of gas or other form of 
energy used in traditional domestic heating systems. 
The easiest way to convert mechanical energy into thermal 
energy is via the Joule machine. A heat generator based on this 
principle is a mixer installed into a tank with liquid. The shaft 
of a mixer is rotated by a wind turbine and the liquid is mixed 
by an impeller. Due to friction among molecules of the mixing 
liquid, mechanical energy is converted into heat energy. The 
heated liquid then transfers the heat to a heating system. The 
process comprising the Joule machine and Savonius wind tur-
bine is shown on the schematic diagram in Fig. 1. 
 
II.  WIND TURBINE 
A wind turbine of the Savonius type for wind heat generation is 
chosen as an example. This type of turbine is a vertical axis 
wind turbine. The turbine has a low speed with its tip speed 
ratio (TSR) not exceeding 1. Savonius wind turbines are usu-
ally used for low speed applications such as pumping and very 
rarely for generating electricity. 
Generally the amount of mechanical power generated by a 
wind turbine depends on wind speed and the parameters of the 
turbine. It is known [2] that the power delivered by a wind tur-
bine can be expressed as 
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2 A P
P AC= ρ V      (1) 
where ρA is air density [kg/m3], A is turbine blade area [m2], CP 
is power coefficient, V is wind speed [m/s]. 
The turbine blade area A for a horizontal axis turbine can be 
found as 
2A R= π       (2) 
were R is turbine radius.  
For a vertical axis wind turbine the value of A is 
2A hR=       (3) 
where h is height of turbine rotor.  
The torque developed by the wind turbine TT can be calcu-
lated as follows. 
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The power coefficient CP is a function of TSR. ( )PC f= λ       (5) 
R
V
ωλ =          (6) 
where λ is TSR and  ω is turbine angular speed. 
The function CP = f (λ) is not linear and has maximum 
MAX
PC  
at λE as it is shown in Fig. 2. To develop the speed torque char-
acteristic of the turbine the speed of wind V should be extracted 
from (6) and substituted into (4). 
R
V
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Fig. 1.  Schematic diagram of a wind heat generator [3]. 
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Fig. 2.  Power Coefficient CP as a function of TSR λ for Savonius wind turbine. 
 
The load torque-speed characteristic of the turbine operating 
at maximum power can be developed from (8) by substituting 
the maximum value of the power coefficient MAXPC d the op-
timal value of TSR λ
 an
E.  
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where TG is the load torque of the heat generator. 
The load torque-speed characteristic corresponding to (9) is 
shown in fig. 4 and is the target characteristic for designing the 
heat generator. In this case the wind turbine delivers the maxi-
mum possible amount of mechanical power. 
The chosen Savonius wind turbine has R = 0.5m and h = 2m. 
The power coefficient CP of the turbine with PC at 
λ
0.195MAX
E = 0.53 is shown in Fig. 2. The family of power-speed char-
acteristics and, correspondingly, the family of torque-speed 
characteristics of the turbine at different values of wind speed 
are shown in Fig. 3 and Fig. 4 respectively. 
 
III.  HEAT GENERATOR 
The heat generator based on the principle of the Joule ma-
chine is a mixer which converts mechanical power into heat 
due to friction loss among molecules of the mixing liquid.  
The process of mixing with a liquid is described by the fol-
lowing function [1]. 
(RePN f=       (10) 
where NP is the power number, Re is Reynolds number. 
The power number depends on impeller type and Reynolds 
number. Also the NP can be expressed by 
3 3P
W
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= ρ      (11) 
where P is the power supplied by the wind turbine to the mixer, 
ρW is the density of the liquid [kg/m3], d is the impeller diame-
ter [m], g is gravity constant [9.81 m/s2], n is the speed of the 
mixer shaft [rev/s]. 
0 20 40 60 80 100 120 140 160
0
100
200
300
400
500
600
700
800
900
Turbine Speed (rev/min)
Po
w
er
 (W
)
5 m/s
7 m/s
10 m/s
12 m/s
15 m/s
Maximum Power
 
Fig. 3.  Family of power-speed characteristics for Savonius turbine shown at 
different values of wind speed. 
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Fig. 4. Family of torque-speed characteristics for Savonius wind turbine shown 
at different values of wind speed. The arrow points to the torque-speed charac-
teristic of the load required for turbine to operate at maximum power. 
 
The speed of mixer n in rev/s is found as 
2
n
ω= π       (12) 
The power number is also a function of impeller blade width, 
number of blades and blade angle. For further consideration of 
the heat generator, a six blade flat-paddle impeller with 
width/diameter ratio of 1/8 is chosen as an example.  
Reynolds number is defined as 
2
Re W
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where µ is viscosity of the liquid [kg/m·s]. 
The process of mixing with mechanical mixer occurs under 
laminar or turbulent flow conditions. The condition of the 
process depends on the value of the Reynolds number. The 
laminar flow condition takes place at Re below 30 and fully 
turbulent condition is achieved at Re higher than 10000. The 
relationship between the power number and Reynolds number, 
which can be used for both flow conditions, is given by 
( )
1
T GJ J s+
ω 2ω
GT
TTV
R
Wind
Turbine Radius ( )TSRλ PC
[ ]20.5 A AR hRρ π ρ
3V
P
38
W
g
ρ
π
d
Impeller Diameter
Reynolds Number
Constant
B
5d
1
cms
T∆
Temperature
 
 
Fig. 5.  Block diagram of the wind heat generator for simulation in Matlab/Simulink 
 
Re zPN B=       (14) 
where B and z are constants which depend on the value of Re. 
Water is chosen as a heat transfer liquid to obtain the turbu-
lent condition and high value of Re at low rotational speed. 
For Re < 30 and six blade impeller, the constants B = 110 
and z = –1 [1], [4]. Thus, 
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In this case the load torque is proportional to the speed and 
can be expressed as  
3
24G
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µ= π ω       (16) 
Reynolds number with values less than 10000 can be 
achieved only at very low speed of turbine, about 10–4 rev/s. 
This speed is unusual for wind turbines. The actual speed of the 
turbine is much higher. Therefore (16) cannot be used to de-
velop the load torque-speed characteristic of the heat generator. 
For Re > 10000 and six blade impeller, the constants B = 5 
and z = 0 [1], [4]. Thus, 
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This means that the power number does not depend on the 
Reynolds number. In this case the load torque has the same 
quadratic form as required in (9). 
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In (18) there is only one parameter which can be changed to 
adjust (18) to (9) in order to get the required load torque-speed 
characteristic. This is the diameter of impeller d. Substituting 
(18) in (9) gives the following equality. 
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Therefore the diameter of impeller can be found from 
0.23 3
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⎛ ⎞⎜⎝ ⎠⎟     (20) 
From (20), for a given type of wind turbine, the diameter of 
the impeller d = 0.628m. Using this diameter of impeller, the 
torque-speed characteristic of the heat generator matches the 
torque-speed characteristic of the given wind turbine at maxi-
mum power.    
In order to reduce the diameter of the tank, the mixer can 
consist of a number of impellers k. In this case the diameter of 
impellers can be calculated using the following formula. 
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During operation of the wind heat generator, mechanical en-
ergy converted into heat increases the temperature of the heat 
transfer liquid in the tank. Under lossless condition, the tem-
perature increase of the liquid ∆T is proportional to the energy 
delivered by the wind turbine to the heat generator and can be 
defined by 
1
T
cm
∆ = Pdt∫      (22) 
where c is the specific heat of the liquid [J/kg·°C], m is the 
mass of the liquid in the tank [kg]. 
The mechanical system “wind turbine – heat generator” is 
described by the following equation. 
( )T G Td GJ J Tdt
ω
T+ = −     (23) 
where JT is the wind turbine inertia, JG is the heat generator 
inertia, TT is the torque developed by the wind turbine, TG is the 
load torque of the heat generator. 
IV.  SIMULATION 
The wind heat generator was simulated using Matlab in ac-
cordance with the block diagram shown in Fig. 5. A model of 
the wind heat generator was based on a set of four equations 
(8), (18), (22), (23) and the look-up table of the function (5). 
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Fig. 6.  Wind speed profile for the time duration of 50 hours. 
The average value of wind speed is 7.5 m/s. 
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Fig. 7.  Power delivered by the wind turbine to the heat generator against time. 
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Fig. 8.  Temperature increase (∆T) of the heat transfer liquid against time. 
 
 
 
 
 
TABLE I 
NOMENCLATURE OF PARAMETERS USED FOR SIMULATION 
Turbine radius, R 0.5 m 
Turbine height, h  2 m 
Maximum of power coefficient, CPMAX  0.195 
Optimum STR, λE 0.53 
Turbine inertia, JT  1.97 kg·m2
Air density, ρA 1.225 kg/m3
Water density, ρW 1000 kg/m3
Water specific heat, c 4180 J/kg·°C 
Reynolds number constant, B 5 
Heat generator inertia, JG 1.53 kg·m2
Impeller diameter, d 0.628 m 
Mass of liquid in the tank, m 200 kg 
 
The nomenclature of parameters used for simulation is given 
in Table I. It is important to note that some of these parameters 
are using example values.  
An example of wind speed profile, shown in Fig. 6, gives the 
fluctuation of the wind speed over a duration of 50 hours. The 
wind profile has significant turbulence and value of average 
speed (7.5 m/s). It is used in order to simulate the performance 
of the wind heat generator at low and high wind speeds. The 
results of simulation under lossless condition are given in 
Fig. 7 and Fig. 8. 
An electrical generator used with a wind turbine to produce 
electricity usually has a limited power output. When a gust 
occurs, a wind turbine delivers a peak of mechanical power. If 
the peak is higher than the rated power of the electrical genera-
tor, the generator cannot convert an exceeded mechanical 
power into electrical power. Compared to an electrical genera-
tor, the heat generator converts all the power delivered by a 
wind turbine into heat, increasing the temperature of the heat 
transfer liquid. Fig. 8 shows the temperature increase of the 
liquid in the tank. It can be seen that the higher peak of power, 
the faster the temperature rising.  
V.  CONCLUSION 
The model proposed in this paper can be used for basic in-
vestigation of the wind heat generator. In order to operate at 
maximum power, the match between the torque-speed charac-
teristics of the wind turbine and the heat generator should be 
provided. The match can be achieved by calculation of the di-
ameter of impeller, a general criterion for design of the heat 
generator.  
However, the process of mixing considered in the paper is 
based on an assumption that the main volume of the heat trans-
fer liquid is not mobile. To prevent mobility of the main vol-
ume of the liquid, the tank should be provided with wall baf-
fles. 
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